Continuous peripheral nerve blockade is a common technique in the analgesic management for many procedures. Leakage of local anaesthetic from around the nerve catheter insertion site can increase the chance of catheter dislodgement, risks infective complications, and could divert anaesthetic away from the nerve causing the block to fail. We conducted a randomised controlled trial to assess whether the type of nerve catheter influenced local anaesthetic leak rate. One hundred and ten patients scheduled for elective unilateral total knee arthroplasty were randomised to receive a perineural catheter with either a catheter over needle (CON) system (Pajunk® E-Cath) (PAJUNK® GmbH, Medizintechnologie, Geisingen, Germany), or catheter through needle (CTN) system (Pajunk® SonoLong) (PAJUNK® GmbH, Medizintechnologie, Geisingen, Germany). There was no statistically significant difference in the rate of leaking catheters between groups (CON 1.8% versus CTN 3.7%; P=0.618), however, the overall leak rate was much lower than anticipated from pilot data. The CON system was on average faster to insert (CON 357 seconds versus CTN 482 seconds; P=0.004), but associated with poorer needle visibility under ultrasound (Likert scale 1-5, mean [SD], CON 3.31 [0.96] versus CTN 3.89 [0.84]; P=0.001). All seven instances of inadvertent catheter dislodgement occurred in the CTN group (P=0.006). There was no statistically significant difference between groups in the proportion of patients who had adequate analgesia on day one (CON 80% versus CTN 86.5%; P=0.294) and day two postoperatively (CON 85.5% versus CTN 91.8%; P=0.369). Our findings show the overall leak rate to be very low with both catheter systems; however, the CON system may have advantages in terms of speed of use and rate of inadvertent catheter dislodgement.
Continuous peripheral nerve blockade is a mainstay of analgesic management for many elective and emergency procedures. The major benefit is to prolong the duration of analgesia achieved by a single shot nerve block from eight to 24 hours to multiple days (or even weeks) 1 . Continuous nerve blocks are widely used for analgesia for total knee arthroplasty surgery. They reduce pain scores 2, 3 and have been shown to improve recovery 4 . Serious complications specific to continuous peripheral nerve blocks are rare 5 , however local anaesthetic leak and catheter dislodgement are more common. Fluid leakage from the catheter insertion site has been reported to occur in 3% to 30% of nerve catheters [5] [6] [7] [8] . It can cause disruption of the dressing which can lead to catheter dislodgement and potentially increase serious infective complications 9 . Furthermore, leakage reduces the volume of local anaesthetic adjacent to the nerve, potentially causing block failure. Inadvertent catheter dislodgement is another common complication of continuous catheter techniques. Rates of unplanned catheter dislodgement are reported in the literature to be between 6% and 15% 10, 11 . Traditional methods of catheter insertion involve placing a needle close to the peripheral nerve and then feeding a catheter through the needle. More recently, a novel approach to inserting catheters has been developed-the catheter is inserted over the top of the needle (similar to the method used to insert a peripheral venous cannula). Because the largest hole in the skin is made by the catheter itself rather than the needle, it will then be a tighter fit and there should therefore be a reduction in leak rate and catheter dislodgement 10 . Leak rate due to catheter choice has not previously been formally tested. The literature looking at catheter over needle (CON) techniques is sparse. There are a number of case reports demonstrating potential applications including for brachial plexus blocks 12 , femoral nerve blocks 13 and transversus abdominis plane blocks 14 . CON has also been demonstrated to withstand higher injectate pressures and require greater force before being dislodged 15 . However, there is only one randomised study looking at its use and this was of small size 9 .
Our hypothesis was that using a CON technique would show a significantly reduced leak rate when compared to a catheter through needle (CTN) technique.
Methods
Following institutional ethics committee approval (Sir Charles Gairdner Hospital Human Research Ethics Committee no: 2015-11), we recruited 110 patients of American Society of Anesthesiologists (ASA) grade I-III presenting for elective unilateral total knee arthroplasty surgery at Sir Charles Gairdner Hospital, Perth, Western Australia (see Figure 1) . The study was registered at ClinicalTrials.gov (NCT02431858). Exclusion criteria included allergy to local anaesthetic, inability to cooperate, inability to read, speak or understand English, and age less than 18 years. Written informed consent was obtained from each participant before being entered into the trial.
Patients were randomly allocated to receive a perineural catheter using either a CTN system (Pajunk® SonoLong) (PAJUNK® GmbH, Medizintechnologie, Geisingen, Germany) or a CON system (Pajunk® E-Cath) (PAJUNK® GmbH, Medizintechnologie, Geisingen, Germany). Randomisation was achieved using a computer-generated pseudo-random list and indicating the group in a sealed opaque envelope by a researcher not otherwise involved in carrying out the trial. The envelope was opened in the anaesthetic room just prior to inserting the catheter.
Choice of primary anaesthetic technique-spinal or general anaesthesia-was left to the anaesthetist and patient. A perineural catheter was inserted after administration of spinal or induction of general anaesthesia. Catheters were placed either just caudal to the inguinal crease to achieve a femoral nerve block, or at the midpoint between the anterior superior iliac spine and patella to achieve an adductor canal block. Adductor canal catheters are currently preferred in the study institution for the reasons of reducing quadriceps weakness and improving patients' postoperative mobilisation. However, at the time of undertaking the study, local standard practice had not entirely shifted to adductor canal over femoral catheters. Hence, for pragmatic reasons, the type of nerve block was not standardised and was left to the discretion and skill set of the inserting anaesthetist. No patient was to receive an additional sciatic nerve block.
The catheters were inserted by anaesthesia fellows or consultants experienced in regional anaesthesia. This was a cohort of 12 consultants and four regional anaesthesia fellows who covered the elective orthopaedic lists during the study period. Patients were appropriately monitored, and using sterile precautions, the needle was inserted in-plane under real-time ultrasound guidance. Ropivacaine 0.2% 20 ml was injected via the needle. In the case of the CTN system, the catheter was fed into the perineural space via the needle, leaving 3 to 5 cm within the space based upon ultrasound imaging of the catheter post-insertion. With the CON system, the optimal needle position in relation to the nerve was first decided upon, after which the needle was withdrawn, leaving an indwelling outer cannula in the chosen position. The E-Catheter is attached to this cannula via a Luer lock connection to facilitate local anaesthetic infusion.
All catheters were required to have a transparent dressing applied (either 3M™ Tegaderm™ [3M Australia, North Ryde, New South Wales] or Smith & Nephew IV3000 [Smith & Nephew plc, London, UK])*, which would allow visual assessment of leak postoperatively. Adjuncts to the transparent dressings could be used based on the preference of the inserting anaesthetist, so long as they still allowed for the visual inspection of leak through the transparent dressing.
On arrival in the post-anaesthesia care unit an infusion of 0.2% ropivacaine was initiated at a rate of five millilitres per hour. For postoperative analgesia all patients received paracetamol one gram six hourly, twice daily slow release opioid and a breakthrough opioid. The choice of opioid and the decision whether to add non-steroidal anti-inflammatory agents or gabanoids was made by the treating anaesthetist, after consideration of the patient's age and comorbidities.
Study participants were reviewed on day one and day two postoperatively. In keeping with local pain service protocols, the local anaesthetic infusion was ceased at 0600 hours on day two postoperatively and the catheter removed approximately three hours later after review by the acute pain service, provided analgesia remained adequate and a rescue bolus was deemed unnecessary.
If the catheter was changed or replaced at the initial point of insertion, then the patient was followed up in the study and analysed in the intention-to-treat analysis. If the catheter was replaced because of dislodgement or block failure postoperatively then the patient was not followed up further in the study.
The primary outcome was catheter leak, defined as accumulation of local anaesthetic under the transparent dressing detected by visual inspection of the catheter insertion site on either day one or day two postoperatively. If the catheter required re-dressing or reinforcement by nursing staff in between assessments by investigators, this was also recorded as leak.
Catheter dislodgement was defined as any unplanned, inadvertent dislodgement of the catheter, between the time of insertion and time of planned removal. Bandaging of the operative knee prevented objective sensory testing to assess the presence and adequacy of the block on day one postoperatively. Instead we used the presence of anterior knee pain as an indicator of inadequate block. The presence of anterior knee pain was not recorded on day two as the local anaesthetic infusion had been ceased and the block likely worn off by the time of review. Overall adequacy of analgesia was also recorded. Analgesia was defined as adequate if the patient had no pain, or had pain on movement, but was comfortable at rest.
Additional outcomes were also measured. Time taken to insert the catheter was measured from the time of first needle insertion to time that the transparent dressing was applied over the top of the catheter. Needle visibility and difficulty of insertion were assessed using a 5-point Likert scale graded by the anaesthetist who inserted the catheter. A score of one was given for very hard to insert/very poor needle visibility, through to five for very easy to insert/very good needle visibility.
To determine adequate sample size we first conducted an audit of 18 patients in the same institution, non-randomised, with nine receiving CTN and nine receiving CON catheters. This showed a leak rate of 33% with CTN and 11% leak rate with CON, consistent with the overall catheter leak rates reported in the literature. Using a two-tailed power calculation accepting a beta error of 20% and an alpha error of five percent, we determined that each group should have 54 patients to demonstrate a difference. Taking into account potential protocol violations and dropouts, we set out to recruit 110 patients.
Data were analysed using appropriate statistical tests in order to ascertain the significance of differences between them: chi-square test for categorical data, and Student's t-test for continuous numerical data. With ordinal data (as per the Likert rating scales), data are presented as means with standard deviations (SDs) because the gaps between the values were deemed to be approximately equal (and therefore could be approximated to continuous data). A Mann-Whitney U test was applied to detect differences between the ordinal datasets. A value of P <0.05 was deemed significant in all cases. SPSS version 25 (IBM) was used for the statistical analyses and G*Power 3.0 for the power calculations.
Results
Between May 2015 and March 2016 we approached 123 patients scheduled for elective total knee arthroplasty and recruited 110 to the study (Figure 1 ). On two occasions, the anaesthetist inserting the CON system was unable to insert the catheter and a CTN system was instead used. These patients were kept in the intention-to-treat analysis. Patient demographics are described in Table 1 .
The Table 2 .
The rates of anterior knee pain on day one postoperatively were similar between groups (CON 38.2% versus CTN 32.7%; P=0.746). There was also no statistically significant difference in the proportion of patients who had adequate analgesia on day one (CON 80% versus CTN 86.5%; P=0.231) or day two (CON 85.5% versus CTN 91.8%; P=0.309) postoperatively. To identify whether bias had been introduced in the intention-to-treat analysis by the inclusion of the two failed CON system insertion patients, we additionally performed an as-treated analysis of the data. This showed no significant difference in any of the endpoints when compared to the intention-to-treat analysis ( Table 3) .
As the study included both femoral and adductor canal catheters we analysed the data in respect to whether catheter insertion site affected any of the primary or secondary outcomes (Table 4 ). There was no statistically significant difference in the proportion of patients receiving femoral over adductor canal blocks between the two groups (CON 6 femoral catheters [12.2%], CTN 11 femoral catheters [25.6%]; P=0.173). There were no statistically significant differences between any of the primary or secondary outcomes in patients who received a femoral catheter compared to an adductor canal catheter.
As the choice of catheter dressing could impact the chance of catheter leak or dislodgement, we additionally analysed the data with respect to the primary transparent dressing used, as well as any additional dressings chosen by the inserting anaesthetist ( 
Discussion
Results of this randomised controlled trial showed no difference in the primary endpoint, local anaesthetic leak rate, between CON and CTN systems. However, the total leak rate for all catheters was very low (2.9%), compared to 22.2% in the audit from which the sample size calculation was derived. The effect size seen in the audit was clinically significant enough to warrant this randomised controlled trial, however, it is likely that practice change in the intervening period has reduced the effect size below what is a clinically important difference. Post hoc power analysis suggests the study ultimately had only 8.8% power to detect a difference if one did exist.
The largest practice change that we can identify between the audit and trial periods was the widespread adoption by regional anaesthetists in the study institution of Dermabond skin adhesive glue to secure the catheter. The ability of skin adhesives to reduce local anaesthetic leak has been previously reported 16 . Eighty-five percent of all catheters in the study had Dermabond applied. Of the three catheters that leaked, only one had Dermabond applied, though given the small numbers, no conclusions on the significance of this difference can be made. Another explanation for the low leak rate is that anaesthetists inserting the catheters were not blinded to the study outcomes. This may have led them to take more care in their choice and application of dressings to the catheter.
The CON system had statistically significantly lower rates of unplanned catheter dislodgement than the CTN. The catheter in the CON system has a diameter larger than that of the puncture needle. This may increase resistive forces when traction is unintentionally applied to the catheter, decreasing the chance of dislodgement. This concept has been confirmed in an ex vivo porcine hind limb model, in which the CON required a greater pulling force to dislodge from the tissue 15 .
Whilst there was no difference in the subjective ease of insertion, there was a statistically significant difference in the time to insertion of more than two minutes. This might suggest that the CON system is in fact easier to use and that a lower score was given on account of lack of familiarity with a newer system. On the two occasions where the anaesthetist was unable to insert the CON kit, the catheter was advanced after the needle had been withdrawn. This causes the catheter to kink next to the hub. This suggests some unfamiliarity with the system amongst some of the users.
Needle visibility was rated significantly poorer with the CON system. The presence of a small air-filled gap between needle and outer cannula could reduce the echogenicity of the needle. The CON system is designed with a distal needle opening that allows for local anaesthetic to flow between the needle and cannula, priming this space. Whether or not the needle was primed by the inserting anaesthetist was not recorded and it is possible that lack of priming could account for the poorer visibility.
There are a number of limitations to the study. The study design was largely pragmatic and because of this, there were some significant variations. One was that the choice of nerve catheter location (femoral versus adductor canal) was left to the anaesthetist. Whilst there was no difference between groups in the proportion of patients with femoral catheters, the mechanics of a catheter in the groin compared to one in the thigh may introduce extra variation that influences the effect size for leakage and dislodgement endpoints. For example, only 16% of catheters were femoral, but these accounted for 43% of catheter dislodgements.
As described, there were also differences in the dressings used between groups. Significantly more patients in the CTN group received Dermabond glue. It is possible that this confounder could have reduced both the leak and dislodgement rate in the CTN group. More patients in the CON group had an IV Tegaderm dressing applied. This difference is explained by the fact that the CON system's outer cannula has a wing-tipped hub, much like a Venflon™ IV cannula (BD Switzerland Sàrl, Eysins, Switzerland), which lends itself to the use of the IV Tegaderm. This factor could have similarly reduced the rates of leak and dislodgement in the CON group.
Blinding for the insertion and review of the two catheters was impossible, as the two systems look different. Where possible we tried to maintain blinding: a researcher not involved in the insertion of the catheters or the follow-up of the patients undertook the randomisation and preparation of envelopes. Similarly, the researcher who undertook the data analysis was blinded to the two groups until the analysis had been completed.
Our conclusion is that whilst we were unable to confirm either a difference, or a lack of difference, between CON and CTN systems, the overall leak rate with either catheter is very low with our current practice of Dermabond and dressings. There may be some advantages to the CON system in terms of speed of use, as well as rates of catheter dislodgement, however more research is required to further elucidate this.
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